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Introduction
Mining activities, from exploration to extraction and processing, have recently come under increasing public scrutiny in South Africa as competition for environmental resources has intensified and the post-Apartheid government's attitude has shifted towards improved environmental quality and health (DME 1997: 51) . However, for at least two reasons a full internalization of negative externalities based on a careful study of abatement costs and damages is highly unlikely under the given circumstances.
First, the nature of environmental and health risks from mining makes them difficult to quantify and even more difficult to evaluate in monetary terms (Warhurst 1994: 13 ff.) For example, in coal and other mining operations, surrounding downwind areas, which are not owned by mining firms, are often subject to dust particles emanating from the mines. In addition, acid run-offs can pose hazards to mine workers, to fish and wildlife, and to consumers when they persist in water and food. Most of these risks are not immediately apparent to either producers or consumers and the nature of these risks varies widely among types of mineral being extracted, on whether mining is onshore or offshore, and on the methods and technologies of extraction used. The major form of environmental externalities in South African mineral extraction is solid waste generation (Table 1 ). The solid waste generated comprises mostly spoil and overburden which is regarded as relatively inert, and only potentially hazardous tailings and slags (DEA 1992a : 240-These make up the bulk of the mining's solid waste stream, which in turn represents nearly 90 percent of the total South African waste stream. Only 0.007 percent of mining waste takes the form of air emissions, and only 0.4 percent is discharged with waste water. Air emissions are recorded only from the mining of platinum group metals.
Although the quantity of waste discharged in waste water is small in comparison with the solid waste stream, the waste water stream is an important vehicle for hazardous i There are other reasons like market structure, absence of futures and risks markets and policy failures which may prevent a full internalization of environmental externalities in the mining sector (see Muzondo 1992 : 5 ff.). mining waste. As can be seen from Table 1 , a small number of total waste streams in gold, platinum group metals, and antimony mining, and most of the waste in zinc refining have to be rated as hazardous with acid cyanide-containing goldmine effluents representing the largest hazardous wage stream in mining. However, it has to be kept in mind that environmental externalities in mining not only depend on the rates at which extraction takes place but also on the cumulative amounts of mineral ores already extracted. It is estimated that backlog in mining waste includes some 12 billion tons of overburden and depleted processed ores, and about 30 thousand tons semi-purified concentrates containing high concentration zinc, copper, cadmium or cobalt (DEA 1992a: 24 ff.). Thus, high environmental damages are incurred as a result of past and current mining activity.
Beside the problems associated with the measurement and evaluation of environmental damages, there is a second reason which prevents a full internalization of negative externalities in South African mining. While in many developed countries mining has been relegated to the status of an ugly old industry of little importance to the national wealth, the highly mineralized nature of many parts of South Africa has led to the creation of a mining industry which is quite important to the country's economy. Although the mining and quarrying industry accounted for only 8 percent of the country's GDP in 1995 primary mineral exports made up more than 40 percent of total export earnings. If the value of processed mineral products such as refined base metals, ferroalloys, iron and steel, and refinery products produced from coal were included, about 60 percent of South African export revenue would have come from mineral-based products. Moreover, the mining sector alone employed more than 4 percent of the country's total economically active population, most of them black workers (Scott 1997) . Finally, given the strong regional concentration of extraction activities (DEA 1992a), on the one hand, and strong backward and forward industry linkages, on the other, the mining industry provides a strong impetus for both, regional and local economic development as well as upstream industries in the manufacturing and services sector and downstream industries in the metallurgical, engineering and durable consumer goods fields (Scott 1998) .
Giving up promising mining prospects for the sake of environmental purity is hence regarded as out of the question in South Africa (Wells et al. 1996) . infective, or contains significant concentrations of constituents that are potentially highly toxic but only moderately mobile, persistent or bio-accumulative, or that are moderately toxic but are highly mobile, or persistent in the environment, or bio-accumulative; Low hazardous waste: is moderately explosive, flammable, corrosive or reactive, or contains significant concentrations of constituents that are potentially highly harmful to human health or the environment. Potentially hazardous waste: often occurs in large quantities, and contains potentially harmful constituents in concentrations that in most instances would represent only a limited threat to human health or the environment.
Source: DEA (1992a).
Given these caveats, this paper analyzes the economic impact of an environmental tax on hazardous mining waste in South Africa. There is now a consensus in the economic discussion that environmental objectives can be realized efficiently via price signals.
Appropriate ,,eco-taxes", whereby polluters are charged equal to their hazardous waste treatment costs allow the realization of any technologically possible environmental objective at minimum social costs. The analysis is based on a study by the Department of Environment Affairs on Hazardous Waste in South Africa which among others estimates hazardous and non-hazardous waste streams for different sectors (DEA 1992a) and assesses the economic impact of alternative policies towards hazardous waste management (DEA 1992b ). This assessment is strongly based on a criterion of affordability.
Thus, input-output-analyses were conducted to calculate the price-raising effects of alternative waste management policies (avoidance and technology standards). The analysis shows that the implementation of, e.g., best available technologies for controlling highly hazardous waste in all sectors of the South African economy -not just miningwould raise average prices by almost 4.5 percent, with the highest price increase realized in the paints and coatings sector whereas the price increase is lowest in mining (DEA 1992b: 70) .
While being informative because the price effects calculated reflect cost-push effects as a result of the interindustry linkages, the model results of the DEA-study can not be used to evaluate the economic impacts of an enhanced waste management in South Africa since important structural and macroeconomic impacts are neglected. These economic impacts may be clustered along the following three categories: -The environmental tax on hazardous mining waste will lead to an adjustment of factor demand and final demand and, therefore, to an environmentally more sound use of natural resources.
-Closely connected with the environmental impacts are the economic impacts of the environmental tax. Higher costs for waste management lead to changes in macroeconomic aggregates which have to be included in the analysis. Income and substitution effects will change the international competitiveness of individual sectors as well as the sectoral structure of the economy.
-The taxation of hazardous mining waste will yield higher tax revenues the use of which has to be included in the analysis.
In order to analyze these impacts a computable general equilibrium model is used. The general equilibrium framework makes it possible to capture explicitly all the major linkages between mining and mineral processing sectors and between them and the rest of the economy which are the driving forces behind the intersectoral allocation effects. It will be shown that both, factor price and foreign exchange effects are crucial in determining the final resource pull effects of an environmental tax. Missing any one of these effects can lead to misleading conclusions and wrong or inadequate policy recommendations.
The remainder of this paper is organized as follows. Section 2 gives a non-mathematical overview on the model used. In section 3, the most important structural features of the South African economy are discussed first and then some hypotheses on the sectoral impacts of an environmental tax on mining waste are derived. Subsequently, general equilibrium analysis is applied to identify factors which account for the short-run and long-run structural changes. Finally, in section 4, major results are summarized.
A General Equilibrium Model of South Africa
Because the focus is on mining and mineral processing, the multi-sectoral, general equilibrium model gives emphasis to these sectors and their linkages to each other as well as to other broad groups of production sectors. Twelve sectors are distinguished, three mining sectors, seven manufacturing sectors, one services sector and one agriculture sector. A sectoral distinction is made in mining between three major mining sectors, coal mining, gold mining, and an aggregated sector other mining which is dominated by platinum group metals. In manufacturing petroleum & coal products, base metal production, and fabricated metal & machinery are separated from other manufacturing owing to the supposedly strong direct backward (forward) linkages to mining (all sectors) of the former (latter) sectors (see Appendix Table A3 ). The other sectors of the model are electricity, construction, and recycling.
A SAM for 1993, the base period of the study, has been constructed that integrates national income, input-output, flow-of-funds, and balance-of-payments current accounts into a comprehensive and consistent data set. The SAM and its components are pre- Dervis et al. (1982) . One distinguishing characteristic of these models is the fairly firm rooting in microeconomic theory: Producers minimize costs subject to certain technology constraints, prices for outputs and inputs, and tax rates, while consumers maximize utility subject to a budget constraint. In our case the taxes on hazardous mining waste are the most important ones. The general mathematical structure of the model is described in Thiele (1998) . The essential features of the model used here are the following:
-The production function is a combination of Cobb-Douglas for primary inputs (capital and two labor categories) and Leontief for secondary inputs. This implies that there are no substition possibilities between primary and secondary inputs. Moreover, there is no possibility to substitute between individual secondary inputs.
-Domestic consumers have constant-elasticity-of-substitution (CES) utility functions over imports and domestically produced goods. Assuming that they minimize the cost of acquiring a given amount of a composite good, the demands for domestically produced goods and imperfect imported substitutes become derived demands. This leads to the import and domestic prices diverging, something which is crucial to the results derived below.
-On the export side, some domestic producers have constant-elasticity-of-transformation (CET) production possibility functions over exports and domestically sold goods. Under the assumption that they maximize revenues from exports and domestic supply, the production of export goods and goods for the domestic market also become derived supplies. Moreover, product differentiation between domestic tradables and imperfect foreign substitutes by world consumers is reflected in a downward-sloping foreign demand curve for some domestically produced exports in the single country model.
-Capital is assumed to be fixed and sector-specific in the short-run but intersectorally mobile in the long-run. As a result, sectoral rental rates differ in the short-run but adjust to the economy-wide average rental rate in the long-run. There are two labor groups (black and others) both of which are mobile across sectors in the short-run as well as in the long-run. This means essentially that workers in each group receive the same wage in each sector.
-The level of savings abroad (the observable current account surplus in 1993) is assumed to be exogenous, while the exchange rate is determined endogenously. The level of investment is determined endogenously by the level of savings in the economy, the latter being the sum of private and public domestic savings with public savings including tax revenues from the environmental tax on hazardous mining waste.
-The GDP-deflator is held constant. The model focuses entirely on the real sector with money regarded as a ,,veil" along traditional classical lines. This means that all real variables depend only on relative prices.
Impact Assessment of Hazardous Waste Management in Mining
The model outlined above is the basis for the analysis of environmental taxes on hazardous mining waste. Lacking appropriate damage functions for the three mining sectors, the tax rates for the base solution were calculated from DEA-estimates on current waste treatment costs and estimates on the costs of best available waste treatment technology (BAT) were used to simulate increases in environmental taxes. DEA estimates that currently, total cost for hazardous waste treatment in South Africa average about 3.75 percent (DEA 1992b: 112) . Of these, only 10 percent are involved with highly hazardous waste. The implementation of BAT is assumed to increase waste treatment costs eight-fold. This information is used in the model in the form of a tax-multiplier of 8. Thus, the environmental tax rates for the three mining sectors are increased from 0.375 percent in the base solution to 3.0 percent in the ,,counterfactual".
The impact of general equilibrium effects is measured by comparing the changes in sectoral output, exports, imports, and domestic supply with changes of different domestic price vectors obtained as a counterfactual equilibrium. In investigating the economywide effects of the eco-taxes, an initial situation of static equilibrium for the South African economy is assumed which replicates the observed conditions in 1993 exactly, i.e. the model equations are satisfied.
Sectoral Characteristics of the South African Economy
The data base is presented in Appendix Tables Al to A4 . Table 2 The three mining sectors account for roughly 9 percent of GDP at factor costs. The sectoral composition of GDP at factor costs of each sector can be computed as the sectoral share in gross output times the sectoral per-unit value added divided by the average per-unit value added. Table A2 and ..guestimates" (see text).
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have to be considered. While import dependence appears to be fairly uniform across sectors, import orientation ranges from very low for less tradable goods from sectors like electricity, construction and services to an import share of over one third for petroleum & coal products.
The last five columns give the crucial elasticities for determining the results of policy simulations generated by the model. Because production technology for sectoral value added is modeled by Cobb-Douglas production functions, the share observations obtained in the benchmark equilibrium data set provide us with as set of short-run labor demand and output supply elasticities. Given this technology specification, short-run price elasticities of supply are the highest in labor-intensive sectors with a large share of labor value added in total value added such as construction, services, recycling, and fabricated metals & machinery. Column (6) indicates the share of final demand in sectoral absorption and therefore gives an approximation of the price elasticity of demand.
Thus, composite good price elasticities of demand are absolutely highest for sectors with close proximity to final demand. The foreign trade elasticities given in the last three columns roughly capture the extent of product differentiation due to differences in quality and degree of product heterogeneity. Lacking sector-specific foreign trade elasticities for South Africa, these elasticities represent what we believe to be ,,best guestimates" given the peculiarities of the different sectors:
The problem to differentiate in domestic production between domestic supply and export supply exists only in the manufacturing sectors (because here, export-oriented sectors are lumped together with sectors which deliver mostly to the domestic market) and in the services sectors (because here, exports cover only a minor fraction of total production). Faini (1988) The high import share for gold mining is misleading because domestic absorption in this sector is extremely low.
tricity, and construction, it was assumed that domestically sold and exported goods are less homogeneous and, therefore, the transformation elasticity is only 0.7.
Recycling is the only sector which exhibits no exports. Thus, no export demand elasticity needs to be estimated. By contrast, exports of manufactured products from South
Africa compete with domestic supply on foreign markets -just in the same way as foreign supply competes with domestic supply on South African markets. In a singlecountry model, this implies a price elastic export demand for these products. Agricultural and mining products are relatively homogeneous. Insofar, the assumption of a perfectly elastic export demand function would be appropriate. However, South Africa was the world's largest gold exporter in 1993, ranked third in world coal exports after Australia and the United States, and is a major exporter of other mineral commodities implying that the small country assumption is hardly justifiable for these commodities.
For all mining sectors, a decreasing export demand function has therefore been assumed. For agriculture, petroleum & coal products, electricity, construction, and services an infinitely elastic export demand function has been modeled because South Africa covers only a marginal share of world imports of these goods. In these sectors, export supply is either determined at exogenously given prices as the difference between domestic production and domestic demand (agriculture) or by the price elastic export supply (petroleum & coal products, electricity, construction, services). Lacking econometric estimates of export demand elasticities, uniform elasticities of -3.0 have been assumed for all sectors with price responsive export demand.
There are also no econometric estimates of sector-specific substitution elasticities for domestic supply and imports for South Africa. Therefore, the medium estimates used by Dervis et al. (1982) for the analysis of adjustment problems in Turkey are used here, too.
It has to be noticed that we assume identical substitution possibilities for all categories of demand, i.e. intermediate demand and the different final demand categories.
Allocalional Impact of Hazardous Waste Management in Mining
We can now use our fully specified numerical model to examine the effects of an improved hazardous waste management in South African mining. The improvements in hazardous waste management are modeled as an environmental tax on hazardous waste Slbliothak Institufs fur Welhvirtschdn) streams with the tax revenues used to finance advanced waste treatment technologies.
Because we are primarily interested in the impact on resource allocation, emphasis will be given to a discussion on how and why individual sectors are affected differently.
Moreover, the discussion will focus on the short-run effects with sector-specific capital whereas the long-run effects will be discussed only briefly.
A tax on hazardous waste in mining sectors initially increases production costs thereby driving a wedge between the domestic price of mineral commodities and the price of imported substitutes. This will induce domestic users to change their composition of the composite good, thereby reducing the demand on the domestically produced good and causing countervailing downward pressure on domestic prices. The resulting change in domestic prices depends on the cross-price elasticity of demand for the domestic good, which itself depends on the price elasticity of demand for the composite good and the elasticity of substitution in use between the domestically produced and foreign goods.
Increasing prices will, ceteris paribus, lead to a large reduction in demand for domestically produced mineral commodities -if it is easy to substitute them by imports (as indicated by high substitution elasticities); -if the sectoral import share (import orientation) is low (implying that large quantities of the more expensive domestic good can be substituted by relatively small expansions of cheaper imports);
.-, .
-if the demand for the composite good is relatively elastic with respect to the composite price (reflecting the minor importance of these goods as intermediates in domestic production).
Moreover, the adjustment of relative prices also depends on production characteristics as indicated by the elasticity of domestic supply. Low supply elasticities imply large reductions of the domestic price in the case of small shifts of the demand curve. Finally, export demand is also important in determining the final price effects of higher waste treatment and disposal costs, especially when the export share is large. The higher the elasticity of export demand, the smaller will be the domestic price change resulting from higher production costs. Higher production costs will lead to a fall in exports as domes-14 tic output is withdrawn from foreign markets towards domestic use. The easier this substitution process, the smaller will be the price increase.
Returning to Table 2 , from the demand characteristics of the mineral markets one would not expect large price increases in response to an environmental tax. All mining sectors exhibit high substitution elasticities and relatively high composite good demand elasticities. With the exception of gold mining, all sectors also have low import shares.
Together, these characteristics imply large shifts of domestic demand towards imported substitutes and, therefore, downward pressure on domestic prices. Moreover, the shifting of additional costs to consumers is also limited by adjustments in export demand.
Higher costs of production lead to higher export prices. At a given exchange rate exports will fall as export prices rise. This leads to an outward shift of the supply curve of the domestic good for domestic use following the decline in demand for exports. As a result, the net effect of the environmental tax on domestic mineral prices will be less than it would have been if there had been no feedback via the demand for exports.
These are the direct effects determining the initial domestic output price response of internalizing hazardous waste treatment and disposal costs. In order to estimate the final resource shifts in the economy, we must also take into account the economy-wide effects:
-First, there are the effects on investment demand resulting from the demand for waste treatment and disposal technology. Under the assumption that the composition of this technology is identical to the economy-wide capital composition the resulting investment demand will lead primarily to additional demand for fabricated metal & machinery and construction which together cover 76 percent of investment demand in the base solution (see Table A2 in Appendix). Thus, these two sectors are expected to expand their output and to attract additional labor from other sectors.
-Secondly, there are the effects on intermediate input costs. Other things being equal, those sectors with strong backward linkages to mining sectors are penalized the most.
As can be seen from the input coefficients (see Appendix Table A3 ), mineral secondary inputs are generally not very important. The exception is petroleum & coal products where other minerals cover over one third of all secondary inputs. Obvi-ously, an environmental tax on hazardous mining waste will not affect other sectors' intermediate production costs drastically.
-There is a relatively strong wage effect that will have a differential impact across sectors, depending on differences in relative factor intensities. Due to the environmental tax on hazardous mining waste, the average wage decreases by 0.4 percent, with wages for black and other employees decreasing by 0.5 percent and 0.3 percent respectively. This is because the environmental tax has a strong impact on economic structure. In general, higher environmental taxes decrease domestic wages. Since mining sectors are relatively intensive in the use of black labor (see Appendix   Table A4 ) , black labor's wage rate decreases the most. Other labor which is intensively used in the manufacturing and services sectors is also released from the above-mentioned sectors, thereby decreasing other labor's wage rate.
-There is also a relatively strong exchange rate effect. Higher prices for domestically produced minerals will induce a shift towards imports and a reduction of export demand thereby causing a balance-of-trade deficit. In order to eliminate the trade deficit the Rand has to depreciate which will stimulate exports and restrict imports. Sensitivity analysis showed that the exchange rate response increases with decreasing trade elasticities. This is so because the rise in domestic export prices and import prices needed to stimulate exports and restrict imports in order to eliminate the balance-of-trade deficit is greater, the lower the export demand, substitution and the transformation elasticities. In the environmental tax simulation, the Rand depreciates by 0.7 percent.
-There are income effects associated with changes in the foreign terms of trade. However, the environmental tax on hazardous mining waste in South Africa improves the terms of trade only slightly.
These effects are reflected in Table 3 , which reports the impacts on sectoral resource allocation, exports and imports. The results in the first seven columns have been derived under the assumption of fix sectoral capital stocks; they may be viewed as the Table 3 and D is domestically demanded domestic production; P d stands for the domestic output price, P v for unit value-added, i.e. factor enumeration per unit of output, and R for unit profit.
Source: Own computations from the South Africa CGE model.
short-run response of the South African economy to an enhanced hazardous waste management in mining. Columns (8) - (11) provide long-run results with capital being intersectorally mobile.
In general, the results bear out the expectation that an environmental tax on hazardous mining waste produces large indirect effects, and that the changes in relative prices create significant incentives to alter the resource allocation and the sectoral composition of foreign trade. As can be seen, electricity and recycling are the only sectors besides mining which contract outputs in the short-run. In the mining sectors this can be traced back to the direct effect of higher prices and the resulting decrease in both, domestic and export demand. By contrast, construction and, to a much lesser extent, base metal products and fabricated metals & machinery are seen to benefit most from the indirect effects. As In all other sectors the adjustment costs of hazardous waste management can be shifted to labor and output can be expanded.
The sectoral changes in real import demand are generally less pronounced than the changes in sectoral output. On the one hand, these changes are determined by changes in domestic demand for the composite (imported and domestically produced) good. On the other hand, changes in import demand are determined by changes in the relative price of the imported good and the domestically produced substitute as well as their substitution elasticity. It has already been mentioned above that the environmental tax on hazardous mining waste leads to a devaluation of the Rand by 0.7 percent. This implies that the relative price between domestically produced and imported goods has fallen in all sectors except the mining sectors. It is, therefore, not surprising that there is a restructuring of domestic composite demand towards imports in the mining sectors and towards domestically produced goods in most other sectors (see columns (6) and (7)). In gold mining, base metal products, fabricated metals & machinery, and in construction, changes in domestic demand for the composite good overcompensate the substitution effect. As a result, import demand for gold decreases despite an increase in the relative price for domestically produced gold because of the large reduction in overall demand for gold. In the other three cases, import demand increases because of the overall increase of demand for these goods. Generally, the restructuring is most pronounced in the primary sectors where substitution elasticities are much higher than in the rest of the economy.
The changes in exports reflect changes in domestic output prices caused by changes in domestic production costs. In general, sectors with decreasing domestic prices expand their exports and vice versa with the export response determined by the elasticities of export supply and export demand. This is best exemplified in the mining sectors where export demand decreases between 2.2 and 3.5 percent as a result of environmental taxes on hazardous waste. Given uniform export demand elasticities in all mining sectors, the extent of export reduction is solely attributable to different changes in domestic output prices. The export expansion is largest in agriculture (4.1 percent) and construction (1.8 percent). Both sectors are primarily inward-oriented, i.e. having low import and export shares (see Table 2 ) and both face a perfectly elastic export demand. Export supply in agriculture is determined by domestic supply and demand conditions. Thus, a relatively large increase in agricultural production combined with a relatively small increase of domestic demand causes a relatively high expansion of exports. In construction, the export supply response is restricted by a low export transformation elasticity of 0.7. However, the high labor intensity of the sector causes a strong output response as the sectoral production wage decreases and^ despite a small change in the relative price between exports and domestic goods -induces a large export response, although from a very low initial level. In all other sectors exports increase, too, as the depreciation of the Rand improves the competitiveness of South African exports on the world market.
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At given world market prices, the change in the relative price for exports and domestic supply is given by the change in the exchange rate (0.7 percent) minus the change in output price as indicated in column (2).
These short-run results of enhanced hazardous waste management in mining have been derived under the assumption of sectorally fixed capital stocks. In the long-run, the short-run differences in sectoral profit rates will lead to a reallocation of capital and labor from sectors with lower than average profit rates to those with above-average profit rates. The results of this factor reallocation are shown in columns (8) - (11) of Table 3 . Generally, these results bear out the expectation that the quantity responses are larger if beside labor capital is also mobile across sectors. Yet, they are less pronounced in labor intensive sectors, as might be expected.
Summary and Conclusions
This paper has addressed specific questions within the much broader discussion on environmental policies towards mining in South Africa (DEA 1992a, b; DME 1997; Wiebelt 1998 It has been shown that environmental taxes on hazardous mining waste change the structure of relative prices thereby inducing substitution processes in production, consumption, and foreign trade. These substitution processes are determined by several parameters. Most importantly, the extent of international competition in affected industries will determine the scope for shifting tax payments to forward and backward related sectors.
After the abolishment of sanctions in the post-Apartheid era the Republic of South Africa is exposed to stiff competition on commodity markets from abroad. This implies that domestic production factors, particularly labor, remain as the sole destination for tax shifting. In this context, environmental taxes can be shifted only in two ways: either wages must decrease or labor employment is reduced to the extent that labor's marginal product equals the real wage, i.e. unemployment is increased. Given the full-employment assumption in the model simulations real wages decrease as a result of environmental taxes in mining activities. Moreover, since mining sectors are relative intensive in black labor employment, black employees have to bear the brunt of adjustment. 
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